The study aimed to demonstrate the clinical application value of diffusion-weighted imaging (DWI) and dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) in assessing a clinical curative effect of early ankylosing spondylitis (AS).
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease affecting mainly young adults and belongs to the group of multiple seronegative spondyloarthropathy. It usually starts from the sacroiliac joint with an upstream trend involving the axis joints and other auxiliary structures, characterized by extensive fibrosis, osteoankylosis, and lesions in multiple systems in the advanced stage. Delayed treatment results in multiple dysfunction and disability, seriously affecting the quality of life of patients. [1] Therefore, diagnosis and clinical intervention at the early stage of AS is important. The present study included patients with early AS who have been diagnosed and remedied with Chinese traditional and Western medicine (such as Radix Paeoniae Alba, Tripterygium wilfordii, [2] sulfasalazine, [3] nonsteroidal anti-inflammatory drugs, [4] and so on). The changes in water molecular diffusion in subsacroiliac surface bone marrow before and after treatment were analyzed using diffusionweighted imaging (DWI) and dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) scans. This was done to identify treatment efficacy and changes in radiographs in early AS, which may offer reliable imaging evidence and new ideas for clinical treatment.
Materials and methods

Materials
The present study was approved by the institutional review board. The patients had no contraindications of MRI and gave written informed consent.
Under the revised "New York standards", combined with clinical signs and symptoms and laboratory test results, retrospectively collected early clinical activity of 48 patients with AS during the 2014 to 2016 in my hospital. All cases were evaluated by MRI before and after about 6 months treatment with combination of traditional Chinese and Western medicine, which judged the curative effect according to signal changes and related datum. There were pre-treatment patients as the control groups and post-treatment patients as the case groups.
A total of 48 patients (38 men and 10 women, age range 14-42 years) with early AS were included in this study. Patients were with 0.5 to 6 years of disease duration and had been treated for more than half a year with a combination of Chinese and Western medicine. Of these patients, 43 (89.5%) had low back pain (27 with bilateral pain and 16 with unilateral pain), 23 (47.9%) had morning stiffness, and 7 (14.6%) had extra-axis joint symptoms. Also, 44 (91.7%) patients were positive for human leukocyte antigen-B27 (HLA-B27), 30 (62.5%) had increased blood sedimentation (erythrocyte sedimentation rate [ESR]), and 39 (81.2%) had increased C-creative protein (CRP) by different degrees in laboratory examination.
The criteria for the selection of patients as follows:
1. According to New York revised diagnostic criteria for AS in 1984, no abnormal findings were found on X-ray or computed tomography (CT) as Grade 0, which blurred articular surface, plaque-like decalcification, local cortical sclerosis, subchondral microcapsule degeneration, but normal articular space, was classified as Grade I-II. If the image shows obvious destruction, extensive sclerosis, serrated changes of articular surface and narrowing or rigidity of articular space of subchondral bone on X-ray or CT, which was classified as Grade III-IV. Patients with Grade 0-II by X-ray or CT findings were taken as case group and excluded Patients with Grade III-IV. All patients must have clinical symptoms and laboratory examinations to support the diagnosis of AS. 2. All patients had no contraindication of MRI. They accepted the MRI examination voluntarily and signed the informed consent. All patients received the same parameters and sequences in MRI before and after treatment. 3. All the patients were treated with the combination of Chinese and Western medicine. But, the dosage and duration of drugs were not entirely consistent because it is difficult to unify the personal specific conditions in all patients which were its shortages.
2.2. MRI 2.2.1. MRI equipment and sequences. MRI scanning was performed for all patients using a 3.0 T MR (GE Discovery MR 750, GE Medical Systems, LLC, WI) with a cardiac quadrature coil. Five MR sequences were obtained:
1. oblique coronal T1-weighted fast spin-echo sequence (T1W-FSE), 2. oblique coronal T2-weighted fast spin-echo sequence (T2W-FSE), 3. oblique coronal short time inversion recovery (STIR), 4. DWI (b = 600 s/mm 2 ), and 5. DCE-MRI using volume acceleration sequence and 15 mL gadopentetate dimeglumine as a contrast agent with a 2.0 mL/s injection rate.
The direction of the scanner was parallel to the ligature between the first and second sacral vertebrae (Table 1) .
Image analysis.
The DWI original data were analyzed using the GE MRA W4.6 workstation (GE Medical Systems, LLC). First, regions of interest (ROI) were chosen, which included regions with obvious lesions in the image whose DCE = dynamic contrast-enhanced, DWI = diffusion-weighted imaging, FOV = field of view, STIR = short TI inversion recovery, T1W-FSE = T1-weighted fast spin-echo sequence, T2W-FSE = T2-weighted fast spin-echo sequence, TE = echo time, TR = repetition time.
Shi et al. Medicine (2019) 98:20 Medicine location and area were consistent with the previous study. If the lesions were not obvious, 12 ROI were chosen on upper, middle, and lower areas of the subsurface bone marrow of bilateral sacrum and ilium. Subsequently, the average value of apparent diffusion coefficient (ADC) was calculated and recorded. The ROI selection should avoid the joint space, bone cortex, bone sclerosis area, blood vessels, and artifacts, and so on. All DCE data from the group of multiple seronegative spondyloarthropathy were transferred to a postprocessing workstation for analysis. The selection of ROI was the same as DWI. However, the selected ROI were as large and included the sacral or iliac bone marrow regions when the lesions were not obvious. Following the selection of ROI, the time-signal intensity curve (TIC) was drawn automatically on the workstation, the Xaxis of which was time (s) and the y-axis was the signal intensity (SI). Subsequently, the initial signal intensity (SI 0 ), the maximum signal strength (SI max ), and time to peak (TTP) were automatically exhibited on the curve. Finally, the semiquantitative index enhancement factor (Fenh) and enhancement slope (Senh) were calculated according to the following formula:
The MRI findings of all sequences were reviewed in a double-blind fashion by 2 experienced radiologists. Multiple MRI sequence images were comprehensively observed (T1W-FSE, T2W-FSE, STIR, DWI, and DCE), and the images were compared before and after the treatment. The changes in ADC value and TIC curve were analyzed and Fenh and Senh were calculated, which determined the changes in inflammation after the clinical treatment.
Statistical analysis.
The statistical software SPSS 13.0 (SPSS, Chicago, IL) was used in this study.
The values of ADC, Fenh, Senh, and TTP were expressed as mean ± standard deviation, with 95% confidence interval (95% CI). These values were used for the Wilcoxon sign-rank test.
The scatter plots of the ADC value with Fenh value and Senh value of sacroiliac joint were drawn and analyzed the Spearman correlation analysis.
A P value <.05 was considered as statistically significant.
Results
Following medicine intake, 48 patients with symptoms had different degrees of mitigation, with one achieving a complete symptomatic relief of back pain, and normal ESR and CRP. In the relevant laboratory tests, the positive rate of HLA-B27 had no obvious change; however, ESR and CRP significantly decreased after treatment. In the AS group, before treatment, the mean ESR was 32.6± 26.0 mm/Hg (range 2-90 mm/Hg) and the mean serum CRP was 23.8± 28.5 mg/L (range 2.6-109.8 mg/L). Following treatment, the mean ESR was16.3± 16.0 mm/Hg (range 2-65 mm/Hg) and the mean serum CRP was 7.2± 7.6 mg/L (range 0.5-36.3 mg/L).
3.1.
Comparing the ADC, Fenh, Senh, and TTP values of the subarticular surface bone marrow of sacroiliac joint in the before-and after-treatment groups
Following treatment, the ADC, Fenh, Senh, and TTP values of the subarticular surface bone marrow of the sacroiliac joint were significantly lower than those before treatment. A significant difference was observed between the groups (P <.05) ( Table 2 ).
The Spearman correlation analysis between ADC and Fenh or Senh values in different parts of bone marrow area in the case group
The correlation coefficient between ADC and Fenh values were as follows: ilium (0.744) and sacrum (0.702). The correlation coefficient between ADC and Senh values were as follows: ilium (0.738) and sacrum (0.574). All these had a highly positive correlation and were statistically significant (P = .000 <.05) ( Table 3 and Figs. 1-4). The Spearman's rho correlation analysis exhibited a highly positive correlation between ADC and Fenh values in ilium (P = .000 <.05, r = 0.744; Fig. 1 ), between ADC and Fenh values in sacrum (P = .000 <.05, r = 0.702; Fig. 2 ), and between ADC and Senh values in ilium (P = .000 <.05, r = 0.738; Fig. 3 ). However, a moderate positive correlation was exhibited in ADC and Fenh values in sacrum (P = .000 <.05, r = 0.547; Fig. 4 ).
Discussion
The main manifestation of AS was progressive inflammation in the sacroiliac joint and spine little joints, with a possible correlation with heredity and environment but with an unclear pathogenesis. [5] In the clinical diagnosis and treatment process, imaging is an important method to evaluate the activity in AS and monitor for Table 2 Index difference between before-and after-treatment groups. any changes. In the past, it was generally believed that X-ray film was the first method to evaluate the sacroiliac arthritis of the patients with mandatory spondylitis. However, some studies and clinical practice have found that X-ray is less sensitive to sacroiliac joint lesions, especially when there is no bone change in early AS. In addition, X-ray film can only better show the direction of the same direction of the joint surface and bone space, but not more detailed multi-angle observation of the lesion. [6] Therefore, X-ray plain film for early diagnosis of sacroiliac joint has certain limitations, and its clinical significance is relatively low in the clinic practice.
The advantages of CT include its wide availability, speed of image acquisition, relatively low cost and multi-dimensional reconstruction. However, the main concern of CT is the risk of exposure to ionizing radiation, especially in patients requiring continuous studies to monitor the efficacy of treatments. [7] Comparing with X-ray, CT can not only display the whole structure of sacroiliac joint but also better observe the changes of pathological details, such as bone trabecular changes, subarticular wormlike bone destruction, articular surface roughness, bone cyst lesions, bone hyperplasia, and sclerosis and other changes in bone structure. Compared with MRI, the changes of bone marrow edema, fat deposition cannot be shown on CT, which has some limitations in evaluating the active value of sacroiliac arthritis. [6] MRI is a non-invasive examination with multi-parameter, multi-plane imaging, which can effectively show fat deposition and so on, articular cartilage signal changes, bone marrow edema. Therefore, MRI has great advantages compared with traditional radiological examination methods (X-ray, CT). In recent years, many studies have shown that MRI has unique advantages in sacroiliac joint lesions, especially in the early sensitivity to inflammation. It was reported that MRI is generally recognized as the most sensitive and specific clinical examination for diagnosing sacroiliac arthritis at the clinical radiology Symposium on sacroiliac arthritis held in Austria in 2003. [8] Using MRI to diagnose and evaluate active AS has been widely accepted, including different scoring systems and functional MRI methods, such as diffusion-weighted imaging (DWI) and DCE-MRI. [9, 10] DWI and DCE-MRI may be effective methods in quantifying inflammatory changes at involved skeletal sites and useful for assessing treatment efficacy in ankylosing shown by some recent studies. [1, 11] However, the ADC value in DWI is affected by b value l, and semiquantitative parameters derived from the signal intensity-time curve in DCE-MRI could only reflect the characteristics of tissue enhancement. Quantitative permeability parameters were derived using a pharmacokinetic model through analysis of the signal intensity-time curve of the tissues. [12] At present, some experts suggest that DWI and DCE-MRI may not only be effective methods in quantifying inflammatory changes at involved skeletal sites but also useful for assessing treatment. [13] In this study, we observed the change of water molecule diffusion state by measuring the ADC value, analyzed the changes of blood perfusion states by signal intensity time relation (TIC) curve, Fenh, Senh and peak time Tmax value, and discussed the correlation between ADC value and Fenh and Senh values in sacroiliac joint lesions of AS before and after treatment.
Imaging features of AS in MRI routine sequences
The T1-weighted images (T1WIs) displayed the structure of the sacroiliac joint cartilage and subchondral region and provided some value in the differentiation of subchondral bone marrow fat deposition. The T2-weighted images (T2WIs) displayed joint effusion and distinguished between articular cartilage and joint effusion effectively through a large signal contrast. STIR sequences exhibited the structure and pathological changes in the sacroiliac joint and effectively identified the abnormal changes in bone marrow edema and fat deposition. The degree of inflammation of AS was analyzed mainly from articular cartilage, bone marrow edema, joint effusion, and fat deposition. An abnormal change in articular cartilage is a reliable sign of early AS, which are manifested mainly as normal signal interruption, disappearance and cartilage surface roughness, and fragmentation on the T1WIs and T2WIs. The abnormal articular cartilage signal exhibited mixed hyperintense and hypointense signal on T1WIs and irregular hyperintense signal onT2WIs. The main manifestations of bone marrow edema exhibited patchy hypointense signal on T1WIs, and hyperintense signal on T2WIs and STIR images. The joint effusion displayed low signal on T1WIs and high signal on T2WIs. The fat deposition displayed hyperintense signal on T1WIs and T2WIs and hypointense signal on STIR sequences. Asymmetric fat deposition in the bone marrow is more valuable in the diagnosis of AS. [14] 
DWI changes in early AS after treatment
Diffusion-weighted MR imaging (DWI) is the only imaging method based on the water molecular detection, in which image contrast is due to the different random motions of water protons in different biological tissue environments. The method has proven to be an effective diagnostic tool whenever a change in the ratio of extracellular water (with low DWI signal) to intracellular water (with high DWI signal) occurs, which may be due to inflammation. [15] Diffusion is thrandom thermal motion of gaseous or liquid molecules and MR imaging can detect signal changes caused bpositional changes of molecules. In biological tissue, Water exchange occurs between intracellular and extracellular compartments and is based on the shape of the extracelular space and tissue cellularity, which affect diffusion. [16] DWI was obtained by applcation of symmetric pairs of equally weighted diffusion sensitizing gradients about the 180refocusing pulse of spin echo T2-weighted sequence. The reduction on diffusion MR imaging can be quantified by calculating the apparent diffusion coeffcient (ADC), which depends largely on the presence obarriers to diffusion within the water micro-environment. [16] Diffusion sensitive factor (b value) is the diffusion sensitivity coefficient of DWI. It is an index to detect the sensitivity of water molecule free diffusion. The b value is proportional to the sensitivity of water molecule movement and the change of signal and the sensitivity of water molecule movement increases with the increase of the b value. It is the product of the gyromagnetic ratio, the strength of the diffusion-sensitizing gradients, the duration of the gradienpulse and the time interval between gradient pairs. [17] [18] [19] The choice of b value is most likely the pivotal issue of diffusion MR imaging. Diffusion-weighted imaging is typically performed with at least 2 b values to allow for the calculation of the ADC value. Previous studies reported [20] that the structure of peri-sacroiliac joint tissue would be better reflected and the clinical observation would be better performed with a best "b value" of 600 s/mm 2 . For patients with early AS in sacroiliac joints, incrassation of synovial lining cell layer infiltration of inflammatory cells, formation of pannus, and invasion of subarticular sclerotin resulted in bone marrow edema that was reflected in the subsacroiliac joint surface bone marrow area as a spot or patchy diffusion-restricted region (high signal area) on DWI image.
The diffusion coefficient (D) was used to measure the range of free movement of water molecules. However, ADC values were used to quantify the diffusion rate of water molecules because D is easy to be affected by many factors. In the present study, the ADC value of AS lesions increased in the bone marrow edema area. Bozgeyik [11] believed that the presence of bone marrow edema leads to acceleration of the local water molecule movement, strengthening of the free diffusion movement, and increase in the ADC value of the diseased area.
Before clinical treatment, the mean of ADC value of the subarticular surface bone marrow of patients was (5.05 ± 1.10) Â 10 À4 mm 2 /s in ilium and (4.63 ± 0.79) Â 10 À4 mm 2 /s in sacrum. The mean of ADC value after the clinical intervention treatment group was (4.34 ± 0.55) Â 10 À4 mm 2 /s in ilium and (3.96 ± 0.23) Â 10 À4 mm 2 /s in sacrum, and both of them were significantly lower than those before treatment (P <.05). Therefore, these data revealed that the degree of infiltration of inflammatory cells, formation of pannus, and formation of bone marrow edema decreased after intervention treatment. Moreover, the region for restricted water diffusion became smaller in the corresponding position, and the signal of the DWI diffusion-restricted region reduced with ADC value lowered compared with that before treatment (Fig. 5) . However, the ADC value was still slightly Shi et com higher than that of the contrast group because of slight or chronic inflammation.
DCE changes in early AS after treatment
Dynamic contrast enhanced MRI (DCE-MRI) is a method that visualizes the kinetics of body fluids by rapid injection of a bolus of contrast agent and dynamic imaging of the bolus passage in an organ of interest. Tracer kinetic modeling with DCE-MRI and the quantitative evaluation of the kinetic parameters is a particularly active field of research because the superior spatio-temporal resolution of MRI offers possibilities that are not available to nuclear. [21] DCE-MRI is a method that can indirectly reflect the status of blood perfusion and the degree of vascularization through an intravenous injection of water-soluble contrast agent. The changes in hemodynamics take advantage of semiquantitative or qualitative analysis of multiple variable values. The qualitative analysis was performed based on the morphological changes in the TIC curve, and the semiquantitative analysis was performed based on the multivariate analysis of normal tissue or lesion enhancement mode. Therefore, DCE-MRI can not only evaluate the changes in capillary permeability, microcirculation, and blood flow in the lesion area but also directly reflect the blood perfusion rate of the lesion area. In the present study, DCE-MRI is used mainly to observe the degree of blood vessel and the blood flow perfusion in the articular surface bone marrow of the sacroiliac joint in the before-and after-treatment groups, and also to make an objective and real assessment of inflammatory changes and therapeutic effects of AS. The type of TIC curve of the sacroiliac joint was roughly divided into 3 types based on previous studies: [20] (I) as a platform, (II) to speed up/slow down, and (III) for slow rise/slow down. Analyzing the aforementioned data, the Fenh and Senh values after treatment were found to be significantly lower than those of the before-treatment group. The TTP values were longer than those of the before-treatment group (Fig. 5) . Significantly statistical differences were observed for Figure 5 . An example for a 24-year-old male patient with AS having chronic lower-back pain over 1 year. The signal characteristics of sacroiliac joint lesions in ankylosing spondylitis is shown from A1toF1 before treatment and the signal changes is shown from A2 to F2 after treatment. Axial T1W-FSE MRI (A1) and Axial T2W-FSE MRI (B1) shows the hypointense lesion in the bilateral ilium (arrow), inhomogeneous high signal on STIR (C1) and significant hyperintense signal on DWI (D1) (arrow). DCE-MRI (E1, F1) shows enhancement Pattern of the lesions and the curve types (red circle), which TIC curve were type II before treatment. After treatment, T1W-FSE MRI (A2) and Axial T2W-FSE MRI (B2) still showed low signal and without marked change (arrow), which high signal intensity was significantly reduced on STRI (C2) and DWI (D2) (arrow). DCE-MRI (E2, F2) shows TIC curve were type II after enhancement, which TTP was extended, and Fenh and Senh were less than before treatment. DCE-MRI = dynamic contrast-enhanced MRI, STIR = short time inversion recovery, TIC = time-signal Intensity Curve, TTP = time to peak, T1W-FSE = T1-weighted fast spin-echo sequence, T2W-FSE = T2-weighted fast spin-echo sequence.
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Medicine patients between before-and after-treatment groups (P <.05).
The results exhibited that in the treatment group, the synovial proliferation pannus of the sacroiliac joint lesion area was reduced and absorbed, with vascular permeability recovering and the inflammatory cell infiltration reducing, and the degree of contrast enhancement weakened. Additionally, a significant difference was observed in the ADC and Senh values in the ilium of the sacroiliac joint, and the correlation coefficient were r = 0.738, which was highly positive. However, a moderate positive correlation was observed between ADC and Senh values in the sacrum, and the correlation coefficient was r = 0.547. A highly positive correlation existed between the ADC and Senh values of ilium, and a moderately positive correlation existed between the ADC and Fenh values of ilium, and it is relevant to the sacroiliac joint special physiological anatomy and the pathological basis of AS. The pannus invasion of ilium side was more easily done compared with the sacrum side so that the vascularization, inflammatory cell infiltration of sacroiliac joints under the surface of the bone, and formation of bone marrow edema appeared earlier, resulting in a higher degree of inflammation, stronger contrast enhancement, and shorter TTP. This is the reason for the difference in performance between the ADC and Senh values of the ilium and sacrum side.
Limitations or inadequacies
1. The sample number of the study is relatively small and very strong regionality. 2. All the patients were treated with the combination of Chinese and Western medicine, which the dosage and duration of drugs were not entirely consistent because of difficultly unify the personal specific conditions in all patients, which were its shortages. 3. The diagnostic criteria for AS are human factors, which may lead to false positive results. 4. The follow-up period was relatively short for 6 months, whether long-term treatment is in line with linear regression trend needs further study with longer follow-up times. 5. There was no detailed grouping of gender and not ruled out age the influence of sex and age on bone marrow changes. 6. Semi-quantitative analysis can only show a trend of change, but it is more meaningful without quantitative analysis. We plan to study the value of quantitative analysis for AS in the future.
Conclusion
In conclusion, it is sensitive for conventional MRI sequence to check the high inflammation in patients with AS. For early AS, no obvious bone marrow edema exists, or only a small range of bone marrow edema exists, which is displayed using the conventional MRI scan. The DWI and DCE sequence, which can effectively reflect the AS early treatment condition, and could be applied to access AS inflammation activity changes, reflect the curative effect for patients with early AS, and provide reliable radiological evidence for clinical therapeutic efficacy.
